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MATERIALS AND METHODS
All patients who had undergone surgery for multi-ligament injury of the knee between January 1980 and August 2006 were retrospectively investigated, yielding 89 patients (table I). Only patients who had been primarily treated at a single centre with complete open reconstruction of all injured knee structures were included. Figure 1 shows a patient flow chart and the selection process, leading to a total of 68 patients. In 5 cases participation was denied and only 2 were lost to follow-up. The treatment strategy was a one stage regimen aiming for an open complete ligament reconstruction on both the central pivot and the peripheral injuries. The anterior cruciate ligament (ACL) as well as the posterior cruciate ligament (PCL) were treated with primary reconstruction or direct refixation in the case of bony avulsions. The collaterals and posteromedial and posteromedial corner structures were directly repaired in order to get the best possible anatomical restoration of the biomechanics of the knee joint. The detailed treatment algorithm has been previously described (13) . The follow-up time was 12 ± 8 years (range 1-34). Of the 68 patients, 58 were males and 10 females. All patients had an injury of both the ACL and the PCL, according to the inclusion criteria. Among the younger subjects a sports accident (54.3%) was the most common cause. A work-related injury was more frequent in older (15.2%) than in younger (5.7%) patients. Almost all additional injuries were less common in older patients. Similar in terms of frequency were lesions of the superficial MCL (71.4% vs. 72.7%), the deep MCL (65.7% vs. 63.6%) as well as of the medial meniscus (22.9% vs. 21.2%). More than twice as frequent in younger patients The most common injuries in younger patients were sports-related (54.5%), whereas in older ones these were motor vehicle accidents (45.7%). The most common lesion was a lesion of the superficial MCL, which occurred in 69.7% of the older and 74.3% of the younger patients, followed by the deep MCL (60.6% and 68.6%). The differences between younger and older patients were inhomogeneous, as described in table III. ACL lesions were treated by ACL reconstruction in 48 patients (71%), by refixation in 10 patients (15%) and by suture in 10 patients (15%). The PCL was refixated in 27 patients (40%), sutured in 19 patients (28%) and reconstructed in 21 (31%) patients. Overall, 13 patients (19%) had a repair of both the ACL and the PCL and 14 patients (21%) had a reconstruction of both cruciate ligaments. The most common additional procedure was primary repair of the MCL (60%). The LCL was primarily repaired in 31% of the cases. Sutures of the lateral (31%) and of the medial (22%) meniscus were more frequent than partial meniscectomy (10%). A reconstruction of the peroneal nerve was needed in 3% of patients. A vascular reconstruction was not necessary. The patients were then divided into subgroups according to their age, using the median as threshold. At the time of the accident the whole study population was divided into two groups with 35 subjects under and 33 patients over 28 years of age (median 27.9 years). At last follow-up there were 33 patients younger than 41 and 35 patients older than age 41 years (median 41.3 years).
The follow-up was done by an independent orthopedic surgeon not being involved in the previous treatment. The clinical outcome was assessed using the IKDC2000 (International Knee Documentation Committee Standard Evaluation Form) , the SF36 (short form 36), a visual analogue scale (VAS) for pain (0-10) and satisfaction (10-0), the Lysholm score (14,15), the Tegner score and the Knee society score (KSS) . The stability of the ligaments was assessed through Lachman test, drawer test, pivot shift and varus/valgus stress in 30° flexion. Ligament laxity was quantified using a KT-1000 arthrometer ( 
Statistical analysis
Discrete variables were recorded as absolute and relative frequencies. The means, standard deviations and ranges of continuous variables were calculated. If a value was missing, the mean was used instead. Correlations between groups were made using the Pearson's correlation. A statis- tical difference between the groups of older and younger patients was sought. The t-test was performed and a p-value of < 0.05 was considered as statistically significant. A post hoc sample size analysis showed significant sample size for the study questions analysed. The calculations were performed using statistical package for the social sciences (SPSS) for Windows, version 13.0 (Chicago, U.S.A.).
RESULTS
When considering age at injury the Knee Society score was higher in older (188.03 +/-16.59) than in younger (185.38 +/-13. A lower Tegner score, representing lower sports activity level, was found with higher age at injury and at follow-up (p < 0.05). In all patients the need for secondary surgeries were more frequent with higher age (p < 0.05).
When considering age at follow-up it was seen that in the patients' group under 41 years, a higher age led to a decreased Lysholm score on the injured side (p < 0.05). In the patients' group over 41 years a higher age at injury led to a greater increase of the Lysholm score (p < 0.05). In both groups, the longer the time was which had passed since the injury the more secondary surgeries were performed (p < 0.05, table III-V).
DISCUSSION
The most important finding of the present study was that clinical and functional long-term outcomes after surgical treatment of multi-ligament injured knees are not significantly influenced by age of the patient at time of injury. Based on the findings of the present study, age at time of surgery has no significant correlation with SF-36 health questionnaire, VAS pain, VAS satisfaction, the Knee Society Score or even the need for worker's compensation. Furthermore, the age at last follow-up did also not significantly influence sports activity reflected by the Tegner score or the need to change the occupation. The only positive correlation was found for age at time of injury and the Tegner score as well as the need for secondary surgery. In addition, the Lysholm score showed few positive correlations with age. However, as there were only few correlations positive a possible correlation bias cannot be excluded. It might be that these were only positive
Multi-ligament injured knees: influence of age? 17 . However, IKDC scores and Lachman test were not reported. The age at injury was 33.5 (15-76) years, which is higher than in the present study. The authors described 89 patients and studied the follow-up on 77 of them after surgical or conservative treatment with a shorter mean follow-up time (8.2 years). The reported inferior outcome in older patients might also be influenced by more conservative regimens in the older patient group. Unfortunately, it is not clear how old the patients were who received which treatment, nor how many of them did have a follow-up.
These two studies have in common that they found an inferior outcome in older age groups after multi-ligament injury of the knee. However, the message is not unambigously clear as it appears at first glance. Several correlations appear not to be significant and even contradictory.
Clearly, the present study shows no significant correlation between age and several major outcome parameters. One strength of the present study is the rather large number of patients (n = 68) treated, despite being such a rare injury. This study reports complete results on the long-term outcomes throughout the long follow-up of 12 ± 8 years.
Another strength is the high number of evaluated parameters, thus leading to a comprehensive analysis. In addition, this is a consecutive single centre series which keeps the sample rather homogenous and finally makes the results comparable with others. As all retrospective studies this study might have the inherent problem of selection bias and confounding factors. The selection bias is limited due to the fact that it was a consecutive series. Confounding factors were attributed to by using a comprehensive, rather complete clinical analysis. The present study showed no correlation between the age of patients at time of injury or last follow-up and clinical outcomes after multi-ligament knee injuries. Hence, treatment algorithms should not be based on age as single differentiating factor.
